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(54) Resin composition 

(57) An alkali soluble resin and resin composition thereof, useful as a solder resist, having good adhesive 
property, solder heat resistance, and plating resistance, particularly having sufficient resistance to plating 
under alkaline condition, are provided. The composition comprises component (A) which is an alkali soluble 
resin obtained by reacting (1) an alkali soluble polymer having a phenolic hydroxyl group (molecular weight 
range of 300 - 30000), and (2) a compound having (a) one or more polymerisable double bonds and b) an 
isocyanate group or an epoxy group in its molecule, at a ratio of isocyanate and/or epoxy equivalent of 
compound (2) to hydroxyl equivalent of compound (1) in a range of 0.1 - 0.8, and component (B) which is a 
compound having one or more functional groups which can react with the phenolic hydroxyl group by an 
application of heat, as essential components. 
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Resi n Composition 
The present invention relates to a resin, and to a 
resin composition which is useful as a solder resist. 

A solder resist is used for the purpose of protecting 
a circuit on a printed wiring board and for preventing a 
solder from being adhered on an irrelevant part during the 
soldering of. parts on the board, and is required to have 
various characteristics including adhesive properties, 
electric insulation properties; solder heat resistance, 
solvent resistance, alkali resistance, acid resistance and 
plating resistance. 

In the early days, a solder resist of a thermosetting 
type was used, such as an epoxy me la-mine type, however, 
these products had problems of inferior solder heat 
resistance, insufficient chemical resistance and poor 
plating resistance, and they were modified to provide a 
solder resist of an epoxy resin type. One example is 
disclosed in Japanese Patent Publication Number Sho 51- 
14044. This has been mainly used for a printed wiring 
board for the industrial use since then. For the consumer 
products, as the productivity is highly valued, the main 
stream has been a fast-setting, ultraviolet curing type 

- 1 - 
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product, such as the one disclosed in Japanese Patent 
Publication Number Sho 61-48800, for example. However, the 
ultraviolet curing type product has a problem of 
insufficient inner hardening for providing a thick film, 
and- has inferior solder heat resistance as well, thus 
cannot be used for an industrial printed wiring boards. 
These materials use screen printing process for formation 
of a solder resist pattern, but there are problems such as 

bleeding or embedding among circuits, in trying to form a 
solder resist pattern which can cope with a high-density 
printed wiring board and surface mounting of the parts, 

that is required by the recent miniaturized electronics 

- 

devices, and they are becoming insufficient to fulfill the 
function of a solder resist film. 

" Accordingly, a dry film type photo solder resist or a 
liquid photo solder resist has been developed. A dry film 
type solder resist is ■ disclosed in Japanese Patent Laid-' 
Open Sho 57-55914, for example, which is a photocurable 
resin composition for a dry film, containing urethane 
di ( meth ) acrylate , a cyclic polymer compound having a 
specific glass transition temperature and a sensitizing 
agent. These dry film type photo solder resists, however, ■ 
do not have sufficient solder heat resistance nor adhesive 
properties when used for high density printed wiring 
boards. 
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On "the other hand, a liquid photo solder resist is 
disclosed, for example, in British Patent Application 

GB-2032939A, which is a composition for a photo 
polvmerizable paint, containing a solid or a semi- solid 
reaction product between a polyepoxide and an ethylenic 
unsaturated carboxylic acid, an inactive inorganic filler, 
a photo-polymerization initiator, and a volatile organic 
solvent. In this case, however, since only an ultraviolet: 
curing . component is contained and thermosetting effect is 
not employed, it has problems .of insufficient adhesive 
properties to the printed wiring board, inferior solder 
heat resistance and poor electric insulation properties and 
the like. 

After taking the thermosetting effect into 
consideration, a resin composition for a solder resist ink 
is disclosed in Japanese Patent Publication Number Hei 1- 
22312, containing a reaction product between a phenolic 
novolac type epoxy resin and an unsaturated monobasic acid, 
a partially reacted product obtained by reaction between a 
cresol novolac type epoxy resin and an unsaturated 
monobasic acid, an organic solvent, a photo-polymerization 
initiator and an amine type curing agent. In this case, 
the thermosetting effect is also employed since an epoxy 
group is left in the molecule. However as the epoxy group 

- 3 - 
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remains, the amount: of the photocurable group is small 
resulting in poor ultraviolet curing properties. Thus it 
is difficult to leave a large amount of 

epoxy groups and to satisfy the characteristics required 
for the solder resist. Also, use of a halogen type organic 
solvent for development is not favorable from the view 
point of the working environment. 

A photo solder resist which can be developed with an 
alkali aqueous solution is disclosed in Japanese Patent 

► 

Publication Number Hei. 1-54390., which is a composition 
comprising a reaction product between a novolac type epoxy 
resin, an unsaturated monobasic acid, and a polybasic acid 
anhydride, a polyf unctional epoxy resin, a diluent and a 
photo-polymerization initiator. Xt is, however, pointed 
out that this composition also has insufficient plating 
resistance, poor chemical resistance and so on. There has 
been no such photo solder resist among currently main 
stream photo solder resists of alkali developing type, that 
has sufficient resistance to plating particularly under 
alkaline condition, for example, an electroless thick gold 
plating carried out at pH 13.0 - 13.6, temperature of 60 - 
80 °C for 30 minutes or an electroless thin copper plating 
carried out at pH 12.4 - 12.6, temperature of 60 °C for 30 
minutes* 

- 4- - . 
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. In addition to the above-mentioned photocurable resin 
having a carboxyl group, a photocurable resin having a 
phenolic hydroxyl group is used for a photo resist of 
alkali developing type, and is disclosed, for example, 
in DE 36309 54A1, which is a compound produced by addition 
reaction of an unsaturated group containing monoisocyanate 
to a novolac resin, or disclosed- in Japanese Patent Laid- 
Open Sho 63-269147 and Japanese Patent Laid-Open Sho 63- 
2481152, which is a compound produced by addition reaction 
of an isocyanate ethyl methacrylate to a polyvinyl phenol 
polymer* It is, however, difficult to satisfy both photo 
cross-linking properties and alkali solubility with these 
photocurable resins, since they are obtained by reacting 
a polymer having a phenolic hydroxyl group with a compound 
having one polymer is able double bond and an isocyanate 
group. Besides,, since these photocurable resin 
compositions do not contain a thermosetting component which 
can react with the phenolic hydroxyl group, they show 
particularly inferior moisture resistance and do not have 
sufficient properties required for a photo solder resist 
which is currently needed to provide high, heat resistance 
and high plating resistance. 

Preferred embodiments of the present invention may 
enable one to provide a resin composition that shows 



BNSOOCID: <GB. 



227884 5A..J_> 



t 



superior characteristics required for a solder resist and 
has sufficient resistance to plating under alkaline 
condition. 

As a result of extensive research in order to solve 
the above-mentioned problems, the inventors paid attention 

- 

to the * fact that a thermosetting product obtained from a 
thermosetting resin such as an epoxy resin and a hardening 
agent made of a polymer having a phenolic hydroxyl group 
has high heat resistance and high chemical resistance, and 
a resin composition having superior characteristics 
required for a solder resist was successfully obtained by 
introducing a pnotocurable group to an alkali soluble • 
polymer having a phenolic hydroxyl group followed by 
blending a thermosetting resin. Accordingly, the present 
invention is to provide* a resin- composition comprising 
component -(A) which is an alkali soluble 
resin 'which ' is obtained by reacting 

(1) an alkali soluble polymer having a phenolic hydroxyl 
group (molecular weight range of 300 - 30000), and 

(2) a compound having a) one or more polymerisable double 

bonds and b) an isocyanate group or an epoxy group in its 

~ ♦ 

molecule, 

at a ratio of isocyanate and / or epoxy equivalent of 
compound (2) to hydroxyl equivalent of compound (1) in a 
range of 0.1- 0.8, and 
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component: (B) which is a compound having one or more 
functional groups which can react: with the phenolic 
hydroxy! group by an application of heat, 
as essential components. The resin of the 

present invention which is obtained by the reaction of the 
compound (2) having two or more polymerisable double bonds, 
is a new and unknown photocurable resin having high photo 
cross linking properties and good alkali solubility. 
Each component will be explained illustratively as follows. 



Examples of an alkali soluble polymer having a ' 
phenolic hydroxy X group, to be used in the present 
invention as the compound (1) of the component (A), 
include, for example, -a novolac.resin (represented by the 

ft 1 ft 2 

following general formula 




c 



H, i ft) 



OH 

(wherein, Rl R2 and R3 represent hydrogen, halogen or an 
alkyl group of 1 5 carbons, and n is an integer of 3 - 
50)* Illustrative examples of the novolac resin include 

■ 

phenol .novolac resin, cresol novolac resin, ethyl phenol 
novolac resin, isopropyl phenol novolac resin, tert-butyl 
phenol novolac resin, 3,5-xylenol novolac resin, 
bromophenol novolac resin, bisphenol A novolac resin, 
naphthalene novolac resin and the like. Among these, 
phenol novolac resin and cresol novolac resin are 
preferable - 

- 7 - 
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Polyvinyl phenol or its derivative ( represented by 
the following general formula [Chemical formula 2] ) can be 
also used as the alkali soluble polymer, the compound (1) 
of the component A. -^cH^cH-j^D-j- 

(2) 

(wherein, D is a radical polymerizing monomer, m is a 
positive number, n is 0 or a positive number and 5 < m + n 
< 200, m/(m+n) > 0.5, OH is in the para-, ortho or meta 
position with respect to the main chain. ) 

Monomer D, which is the copolymerizing component, shares 
less than 50 mol % of the polymer, ana various compound 
having a polymerizing unsaturated bond can be used as the 
monomer D. Examples of monomer b are styrene type monomers 
such as styrene,- a-methyl styrene, ( meth ) acrylonitrile, 
(meth) acrylic acid, (meth) acrylic esters such as methyl 
(meth) aery late, acrylic monomers such as acrylamide, vinyl 
ethers such as ethyl vinyl ether, maleic anhydride, vinyl 
acetate and vinyl pyridine and the like. These polyvinyl 

* a 

phenol type polymers are commercially available, and 
examples " include MARUKALYNCUR-M ( poly-p-vinylphenol ) , 
LYNCUR-MB (brominated poly-p-vinylphenol), LYNCUR-CMM ( p~ 
vinylphenol/ methyl methacrylate copolymer), LYNCUR-CHM ( p- 
vinylphenol/2-hydroxyethyl methacrylate copolymer), LYCUR- 
CST ( p-vinylphenol / styrene copolymer) and the like, 
produced by Maruzen Petrochemical Co. Two or more kinds 



- 8 



4SA I > 



of the above-mentioned alkali soluble polymers having a 
phenolic hydroxyl group can be used in mixture. 

■ 

Referring to the compound (2) of the component A, 

having a) one or more polymerisable double bonds and b) an 

isocyanate group or an epoxy group in its molecule/ the 

polymerisable double bond includes acrylic groups such as 

. (meth) aery late group or ( meth) aery 1 amide group, an allyl 

group, and various substituted double bonds such as a vinyl 

ester of a caxboxylic acid, vinyl ether, and allyl ether 

and the like, however, particularly preferable is the 
acrylic group. The compound having one or more 

polymerizable double bonds and an isocyanate group in the 
molecule includes, for example, ( meth )acryloyl isocyanate 
and isocyanate ethyl (meth.)acrylate. Also, , a reaction 
product or a reaction mixture obtained by partial addition 
reaction of a polyisocyanate compound such as tolylene 
diisocyanate, hexamethylene diisocyanate, isophorone 
diisocyanate and their- t rimer, methylenebisphenyl 

■ > 

isocyanate, polymethylene polyphenyl polyisocyanate, with 
a ( meth ) acrylate compound which has such a functional group 
that can, react with the isocyanate group, and that can be 
represented, by a hydroxyl group, such as 2 -hydroxyl ethyl 
(meth ) acrylate, N-methylol acrylamide, 
glyceroldi ( meth ) acrylate, penta erythritol 

tri (meth) acrylate, dipenta erythritol penta (meth ) acrylate, 

- 9 - " 
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A compound having one or more polymer izable double 
bonds and an epoxy group in -the molecule includes, for 
example, glycidyl (meth) aery late, a glycidyl ester of an 
unsaturated fatty acid such as cinnamic acid, KANEKA. RESIN 
AXE (produced by Kanegafuchi Chemical Industry Co*, Ltd.), 
CYCLOMER A-200, M-200 (produced by Daicel Chemical 
Industries, Ltd.)- A reaction product of hydroxy alkyl 
(meth )acrylate, polycarboxylic acid anhydride and 
epihalohydrin, disclosed in Japanese Patent Laid-Open Sho 
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and bis ( (meth) acryloxy ethyl) hydroxyethyl' isocyanurate. The 
synthesis can be carried out according to a known method 

i 

wherein the (raeth)acrylate compound and the polyisocyanate j 

i 

compound are mixed in a solvent such as. a hydrocarbon type, \ 

* 

an ether type or an ester type solvent having no such j 

? 

active hydrogen that can react with isocyanate, at a ratio f 
[ hydroxy 1 group equivalent in the ( meth) aery late \, 
compound/isocyanate equivalent in the polyisocyanate | 

n 
f 

compound] (wherein n (n > 2) isocyanate groups are | 

i. 

contained in one molecule), of (1-1 /n) ± 0.1, and I 

■> 

subjected to the reaction at a reaction temperature of 40 f 
- 100 °C, using a tertiary amine or an organic tin compound f 
as a catalyst. Particularly when a monohydroxy 
polyfunctional (meth) aery late compound is used, an alkali 
soluble resin having high photo cross-linking properties 
can be synthesized. 
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50-59315 can* be used as well- Also, a reaction product: or 
a reaction mixture obtained by addition of a monocarboxylic 
acid containing " an unsaturated group, such as 
(meth) acrylic acid to a poly functional epoxy compound 

™ * 

(having n (n > 2) epoxy groups in the molecule) at • a rate 
[acid equi val ent / epoxy equivalent] of (1-1/n) ± 0.1, can be 
used as well . The reaction can be carried out in an 
appropriate organic solvent, by adding a small amount of a 
reaction catalyst such as a. tertiary amine and a 
polymerization inhibitor, at the reaction temperature of 70 
- 120 °C. Particularly when an epoxy compound having three 
or more functional groups is -used, - an alkali soluble 
resin having high photo cross linking properties can be 
synthesized «. 

> 

The above-mentioned compound having a ) one or more 
polymerisable double bonds and b) an isocyanate group or an 

• « 

epoxy group in the molecule can be used alone, or in 
mixture "with one or more such compounds and added to the 

* 

w 

alkali soluble polymer represented by the above-mentioned 
general formula [Chemical .formula 1] or [Chemical formula 
2] to synthesize an alkali soluble resin, 

which is the component (A). Provided that the ratio of * 
[isocyanate and, or epoxy equivalent/hydroxyl group 

a 

equivalent of the alkali soluble polymer] is controlled to 
be in a range of 0.1 - 0 . 8 . When this ratio is below 0.1, 

. - ii - 
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■the product shows low photo curing properties to lose the 
exposed part during the development, while, when the ratio 
is over 0 . 8 , the product shows extremely deteriorated 
developing capability to the alkali aqueous solution. 

* 

.For the synthesizing reaction of the component (A), a 
solvent is preferably used. Examples of the solvent 
include -ketones such as methyl ethyl ketone, glycol ethers 
such as methyl cellosolve, methyl carbitol, tri ethylene 
' glycol monoethyl ether, esters such as ethyl acetate and 
acetic esterif ied products of above-mentioned glycol 
ethers, and petroleum origin solvents such as petroleum 
naphtha and solvent naphtha* The above-mentioned solvent 
is used alone or in mixture with one or more such 
compounds, and an appropriate amount of the solvent to be 
used is 10 - 300 parts by weight, -preferably 30 - 200 parts 
by weight with respect to 100 parts by weight of the alkali 
soluble polymer, the compound (1) of the component (A). In 
order to accelerate the reaction, it is preferable to add- a 
small amount of a catalyst. For the reaction between the 
isocyanate group and the hydroxyl group, a urethane forming 
catalyst such as dibutyl tin dilaurate, a tertiary amine 
and the like, for the reaction between the epoxy group and 
the hydroxyl group, triethyl amine, dimethyl benzyl amine, 
tetraethyl ammonium" bromide, triphenyl phosphine and the 
like are. preferably used. The amount of the catalyst to- be 

- 12 



used is 0.1 - 10 % chemical equivalent:, preferably 1 - 5 % 
chemical equivalent with respect -to 1 chemical equivalent 
of the isocyanate or the epoxy group. for preventing the 
polymerization during the -reaction, a polymerization 
inhibitor such as hydroquinone, phenothiazine, hydroquinone 
monomethyl ether and the like are preferably used and the 
amount .the polymerization inhibitor to be used is 0.01 - 1 
% by weight, preferably 0.05 - 0.5 % by weight, based on 
the reaction mixture . The reaction temperature is 40 - 150 
°C, preferably 50 - 110 °C. When a compound having an 
isocyanate group is used, it is desirable to inactivate the 
remaining isocyanate group with a monohydric alcohol such 
as methanol or ethanol after the reaction, from the view 
point of safety and improving storing stability. 

Component -(B) of the resin composition of the present 
invention, which is a compound having one or more 
functional groups which can react with the phenolic 
hydroxy 1 group on heating, is blended for the purpose of 
thermosetting* The functional -group includes epoxy group, 
isocyanate group, methylol group, oxazoline group and the 
like, but particularly preferable is epoxy group. A 
compound having one or more epoxy groups includes, for 
example, epoxy resins such as. phenol novolac type epoxy 

♦ 

resin, cresol novolac type epoxy resin, bisphenol-A type 
epoxy .resin, ' bisphenol-F type epoxy resin, bisphenol-S type 

■ • 

■ ~ 13 - 
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epoxy resin, N-glycidyl "type epoxy resin, an alicyclic 
epoxy resin, phenyl glycidyl ether, triglycidyl 
isocyanurate and glycidyl methacrylate. A thermosetting 
resin to be used as component (B) in addition . to the epoxy 
compound, includes block polyisocyanate, an amino resin 
having such an active group as methylol group, and 
oxazoline compound such as phenylene bisoxazoline and the 
like. These compounds can be used alone, or two or more of 
these compounds can be used in mixture. Though it is not 
directly reacted with the phenolic hydroxyl group, a* 

♦ 

thermosetting resin such as resol type phenolic resin, 
xylene resin and polyurethane and the like which can be 
crosslinked with heat, can be also added and used. 

• ~ ■ 

The blending ratio of the component (B) in the resin 
.composition of the present invention . is 10 - 200 parts by 
weight, preferably 20 - 120 parts by weight with respect to 
100 parts by weight of the component - (A), which is the 
alkali soluble resin. A curing agent or an 

accelerator of curing for the component (B) of 1 - 20 parts 

* 

by weight can be added to 100 parts by weight of the 
. component (B). The illustrative examples include, dicyan 
diamide or its modified substance, amine compounds, 
imidazole compounds, * polybasic acid hydrazides, carboxylic 
acid compounds, phenols, quaternary ammonium salts, 
quaternary phosphoniura salts, phosphines and . their epoxy 

• - 14 - 
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adducts and the like. 

Not: only a known and conventionally used -thermal 
radical ♦ generating agent including peroxides such as 
benzoyl peroxide, azo compounds such as 

azobisisobutylonitrile, is added to the resin composition 

of the present invention to carry out heat polymerization,, 
but also photocurabinty can be imparted to it by_ adding a 

photo polymerization initiator as., the essential component. 
The photo polymerization initiator reacts with the 
component (A) or with a photopolymerizable monomer to be 
blended if necessary,' which will be described later, to 
initiate the polymerization. The photo polymerization 
initiator includes benzoins such as benzoin, benzyl r 
benzoin methyl ether, benzoin isopropyl ether, benzoin 
alkyl ethers, acetophenones such as acetophenone, 2,2- 
dimethoxy-2-phenyl acetophenone, 2, 2-diethoxy-2- 
phenylacetophenone, 1 , 1-dichloro acetophenone, 1- 
hydroxycyclohexyl phenylketon, 2-methyl-l- [4-. 
( methyl thio)phenyl] - 2 -morphono -propane- 1- on, 'N,N- 
dimethylamino acetophenone, anthraquinones. s.uch as 2-methyl 
anthraquinone , 2-ethyl anthraquinone, 2-tert-butyl 
an t hr aqu inone , 1 -chloroanthraguinone , 2 - amy 1 an t hr aqu inone , 
2~aminoanthraquinone, thioxantons such as 2,4-dimethyl 
thioxanton, 2,4-diethyl thioxanton, 2-chlorothioxantone, 
2, 4-diisopropyl thioxanton, ketals such as acetophenone 
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dimethyl ketal, benzyl dimethyl ketal, benzophenones such 
as benzophenone, methyl benzophenone, 4,4 , ~ 

dichlorobenzophenone, 4, 4 ■ -bisdiethyl amino benzophenone, 

Michler f s ketone, and xantones and the like. The photo 

polymerization initiator- can be used alone or** two or more 

kinds of the photo polymerization initiator can be mixed 

and used. As the photo polymerization initiator, a known 

and conventionally used compound such as. benzoates 

including ethyl- 4-dimethylamino benzoate, 2- 

( dimethylamino) ethyl benzoate and the like, and tertiary 

amines- including triethyl amine and triethanol amine and 

the like can be also used alone or in mixture or two or 
» 

more kinds- An appropriate amount of the photo 
polymerization .initiator to be used is 0.2 - 25 % by 
weight* preferably 2 - 10 % by weight of the composition. 
An amount less than this range results in an inferior 
C sensitivity; and an amount of over this range does not 

ir 

improve the photocurability thus not preferable. 

if necessary, a photopolymerizable vinyl monomer can 
be added to the resin composition of the present invention 
as a diluent. A representative example of the 
photopolymerizable vinyl monomer" includes, hydroxyl alkyl 
acrylates such as 2 -hydroxy ethyl acrylate and 2-hydroxy 
butyl acrylate, mono or diacrylates of glycol such as 
ethylene glycol, methoxy tetraethylene glycol, polyethylene 
glycol, propylene glycol, acrylamides such as N /N- dimethyl . 

- 16 - 



&4SA t .> 



I 



acryl amide, N-methylol acrylamide, amino alkyl acrylates 
such as N, N-dimethyl amino ethyl acrylate, polyhydric 
alcohol such as trimethylol propane; pentaerythritol, 
dipentaerythritol, or polyhydric acrylates such as ethylene 
oxide adducts, propylene oxide adducts or e-caplolacton 

adducts of these polyhydric alcohols, phenols such as 
phenoxy acrylate, phenoxy ethyl acrylate or acrylates such 
as ethylene oxide adducts or propylene oxide adducts of 
these phenols, epoxy acrylates derived from glycidyl ethers 
such as trimethylolpropane , triglycidyl ether, m el amine 
acrylates and/or met hacry late -corresponding to -the above- 
mentioned acrylates. As the diluent, two or more kinds of 
these compounds can be used in a mixture as well, and an 
appropriate amount of the diluent to be used is 1 - 50 % by 
weight of the composition. 

According to the present invention, a known and 
conventionally used additive can be added and used in 
addition to the above-mentioned components. For example, a 
known and conventionally used inorganic filler, such as 
barium sulfate, barium titanate/ silicon oxide powder, 
pulverized silicon oxide, amorphous silica, talc, clay, 
magnesium carbonate, calcium carbonate, aluminium oxide, 
aluminium hydroxide and mica powder can be used, and the 
blending ratio is 0 - 100 % by weight, preferably 5 - 60 % 

- 17 - 
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by weight of the resin composition. Furthermore, if 
necessary, a known and conventionally used additive 
including a colouring ag.ent such, as phthalocyanine blue, 
phthalocyanine green, iodine green, diazoyellow, crystal 
violet, titanium oxide, carbon black, naphthalene black and. 
the like, a known and conventionally used heat 
polymerization inhibitor such as hydroguinone, hydroquinone 
monomethyl ether:, phenothiazine, a known and conventionally 
used thickening agent such as asbestos, bentonite and 
the like, defoaming agent of silicone type, fluorine type 
and polymer type and/or leveling agent, adhesive property 
imparting agent of imidazole type, thiazole type, triazole 
type and silane coupling agent and the like can. be used. 

Such a solder resist composition is coated, for 
example, on a printed wiring board wherein a circuit is 
formed, by such a process as screen printing, or by over 
all coating using curtain coater, spin coater, or spaying. 

In a case of a photo, solder resist composition, the coat is 

■ 

then directly irradiated with a laser beam or selectively 
exposed to an actinic ray from a high- pressure mercury- 
vapor lamp and a metal halide lamp, through a photomask 
having a pattern, and the non-exposed part is developed 
with a developer to form "a pattern. After forming the 
pattern, heat treatment is carried out at 100 - 200 < °C to 
produce a permanent protection film having satisfactory 
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characteristics required for a solder resist. The overall 
properties can be further improved by carrying out exposure 
to the actinic ray following the heat treatment. 

The developer used for forming the solder resist 
pattern , after exposing the photo solder resist composition 
to the light, can be an aqueous solution of an alkali such 
as sodium hydroxide, potassium hydroxide, tetramethyl 
ammonium hydroxide- An organic solvent such as methyl 

ethyl ketone, methyl cellosolve, cycldhexanone and the like 

• ■ 

can be used as well, however, an alkali aqueous solution is 
more desirable from the view point of the working ' 
environment. The solder resist composition of the present 
invention can also be washed with the above—mentioned 
alkali aqueous solution from the instruments used for 
coating the ink. 

The composition of the present invention is 
particularly useful as a solder resist composition, 
however, it can be also used for an insulating material, a 
surface coating agent, a paint and an adhesive agent and- 
the like- 

To further illustrate this invention, and not by way 
of limitation, the following production examples, 
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embodiments and reference examples are given. Unless 
otherwise stated, the terms "parts" and "%." are all based 

on the weight . 

[Production Example 1] 

165 parts of 2,4-tolylene diisocyanate, 300 parts of 
carbitol acetate were put in a three-necked flask having a 
stirrer and a cooler, and heated" at 60 °C for 0.5 hours 
with stirring. Then at the same temperature, a solution 
containing 395 parts of pent aery thritol triacrylate 
(ARONIX M-305, produced by Toagosei Chemical Industry Co., 
Ltd!.), 150 parts of solvent naphtha, 2 parts of dibutyl tin 
dilaurate and 0.5 parts of hydroquinone monomethyl ether 
wos added to it dropwise - over about 0.5 hours,, and the 
solution was further stirred for 1.5 hours. The reaction 
product, together with 1 part of dibutyl tin dilaurate was 
added to a three-necked flask having a cooler wherein 400 
parts of poly-p-vinylphenol ( MARUKALYNCUR-M , S-2P ) and 400 
parts of carbitol acetate were previously heated at 65 °C 
for 2 hours under stirring, and the solution was stirred 
and reacted at the same temperature for 12 hours. After 
that, the reaction mixture was cooled "to 60 °C and 13 parts 
of ethanol was added and reacted with stirring for 1 hour 
to obtain a resin solution (nonvolatile content of about 
53%) as (resin 1). 

* 
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[Production Example 2] 

190 parts of isophorone diisocyanate, 180 parts of 

carbitol acetate were put in a threernecked flask having a 

stirrer and a cooler, and heated at 60 °C for 0.5 hours 

with stirring. Then at the same temperature, a solution 

containing 360 parts of pent aery thritol triacrylate 
(ARONIX M-305), 90 parts of solvent naphtha, 2 parts of 

dibutyl tin dilaurate and 0.5. parts of hydroquinone 
monomethyl ether was added to it dropwise over about 0.5 
hours, and the solution was further stirred for 2 hoiirs. 
The reaction product, together with 1 part of dibutyl tin 
dilaurate was added to a three-necked flask having a cooler 
wherein 500 parts of phenol novolac resin (PHENOLITE TD- 
2090-P produced by Dainippon Ink and Chemicals, Ind. ) and 
500 parts of carbitol acetate were previously heated at 
65 °C for 2 hours with stirring, and the solution was 
reacted with stirring at the same temperature for 12 
hours. After that, the reaction mixture was cooled to 
60 °C and 12 parts of ethanol was added and reacted with 
stirring for 1 hour to obtain resin solution (nonvolatile 
content of about 57%) as (resin 2). 

[Production Example 3] 

200 parts of cresol novolac resin (PHENOLITE VH-4280, 
produced by Dainippon Ink and Chemicals, Inc. ) and 200 
parts of carbitol acetate were put in a three-necked flask 
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having a stirr er and a cooler, and heated -at: 90 °C for 1 
hour "to be melted. Then at the same, temperature, a 
solution containing 85 parts of glycidyl methacrylate, 10 
parts of solvent naphtha, 1 part of triethyl amine and 0.1 
parts of hydroquinone monomethyl ether was added to it 
dropwise, and the solution was reacted with stirring for 4 
hours to obtain resin solution 

(nonvolatile content of about 58 %) as (resin 3). 
[0029] 

[Reference Production Example 1] 

200 parts of poly-p-vinylphenol ( MARUKALYNCUR-M, S-2P) 

200 parts of carbitol acetate were put in a three-necked 
flask having a stirrer and a cooler, and heated at 90 °C 
for 1 hour to be melted. After the mixture was cooled to 
65 °C, a solution containing 115 parts of isocyanate ethyl 
methacrylate,' 40 parts of solvent naphtha, 2 parts of 
dibutyl tin dilaurate and 0-1 parts of hydroquinone 
monomethyl ether was added to it dropw.ise, and the solution 
was reacted with stirring for 12 hours. The reaction 
product was cooled to 60 °C, then 4 parts of ethanol was 

» 

added and reacted with stirring for 1 hour to obtain a 
resin solution (nonvolatile content of about 56%) as 
( resin 4 ) . 

[Reference Production Example 2] 

1070 parts of cresol novolac type epoxy resin having 



'epoxy equivalent of 214 (EPI CLON N-680 produced by 
Dainippon Ink and Chemicals Inc. ), 620 parts of carbitol 
acetate, and 300 parts of solvent naphtha were put in a 
three-necked flask having a stirrer and. a cooler, and 
heated and melted at 90 °C with stirring. Then 400 parts 
of acrylic acid,. 1 part of hydroquinone, 6.8 parts of 
dimethyl benzylamine were added and reacted with stirring 
at 110 °C for 24 hours. After the reaction product was 
cooled to 100 °C, 370 parts of tetrahydrophthallic 
anhydride was added and reacted with stirring for 4 hours 
to obtain a resin solution (nonvolatile 

content of about 65 %), having acid value of 50 mgKOH/g, 
which can be developed with a dil alkali solution, as 
( resin 5 ) - 

* 

[Embodiment lj 
( resin 1 ) 

cresol novolac type epoxy resin 

( epoxy equivalent 214 ) 
dipenthaerythritol hexaacrylate 

2, 2 1 -azobis ( isobutylonitfile ) 

dicyan di amide 

triphenyl phosphine 

barium sulfate 

silica 

aerosyl 



75 parts 

35 parts 
5 parts 

5 parts 

2 parts 

1 part 
15 parts 

8 parts 

2 parts 
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phthalocyanine green 1 part 

silicon -type defoaming agent 2 parts 

The above formulation ingredients were preliminary 
mixed, then kneaded three times with a three— roll-mill to 
prepare a resin composition. The resin composition was 
coated on a printed wiring board by screen printing 
process, then placed in a hot air circulating furnace 
which was heated to 150°C and post curing was carried out 
for 30 minutes which produced a solder resist pattern. 



[Embodiment 2] 

(resin 1) 75 parts 
cresol novolac type epoxy resin 

( epoxy equivalent 214) 35 parts 

dipentaerythritol hexaacrylate 5 parts 

2-methyl-l- [4- ( methyl thio ) phenyl] -2- 

morphono - propane- 1- on 5 parts 

diethyl thioxanton- 1 part 

dicyan diamide 2 parts 

triphenyl phosphine 1 part 

barium sulfate - * 15 parts 

silica * 8 parts 

aerosyl 2 parts 

phthalocyanine green 1 part 

silicon type defoaming agent - 2 parts 
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The above formulation ingredients were preliminary 
mixed, -then kneaded -three times with a three-roll -mill to 

* 

prepare a photocurable resin composition. The 
photocurable resin composition was coated on the whole 
surface of a printed wiring board by screen printing 
process, then placed in hot air circulating 
furnace and heated at 80 °C for 20 minutes for drying then 
cooled to a room temperature to produce a dry coat . Then a 
patterned photo mask was contacted on the coat, and it was 
exposed to the light from a metal halide lamp produced. by 
ORC & Co., Ltd. at 1000 mJ/cm 2 . Then the coat was 
developed for 1 minute using. 2 % sodium hydroxide aqueous 
solution as a developer, and washed with water and dried- 
Then the coat was placed in a hot air circulating furnace 
which was heated to 150 *C, and post curing was carried out 
for 30 minutes, then again it was exposed to the light from 
the same UV irradiator at 1000 mJ/cm 2 (hereafter called as 
after-exposure) to produce a solder resist pattern. 

.a 

[ Embodiment 3 ] 
(resin 2) . 70 parts 

cresol novolac type epoxy resin 

(epoxy. equivalent 214) 30 parts 

dipentaerythritol hexaacrylate 10 parts 

2-methyl-l- [4- (methyl thio )phenyl] -2- 

morphono-propane-l-on 5 parts 

• " ' - 25 - 
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diethyl thioxanton 


• 1 


part: 


dicyan diamide 


2 


parts 


triohenvl nhosphine 


. 1 


pari: 


barium sulfate 


15 


.pari:s 


silica 


8 


parts 


aerosyl 


2 


parts 


phthalocyanine green 


1 


part 


silicon -type defoaming agent: 


2 


parts 



The above formulation ingredients were kneaded, 
coated, dried and developed, then post curing and after 
exposure were carried out in a manner analogous to that 
Embodiment 2 to produce a solder resist pattern. 



[Embodiment 4] 

(resin 3) 70 parts 
cresol novolac type epoxy resin 

♦ 

(epoxy equivalent 214) 30 parts, 

dipentaerythritol hexaacrylate 10 parts 

2-methyl-l-[4- ( methylthio )phenyl] -2- 

morphono-propane-l-on 5 parts 

diethyl thioxanton 1 part 

dicyan diamide 2 parts 

triphenyl phosphine 1 part 

barium sulfate 15 parts 

talc 8 parts 

aerosyl 2 parts 
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phthalocyanine green 1 pari: 

silicon "type defoaming agent: 2 parts 

The above formulation ingredients were kneaded, 
coated, dried and developed, then post curing and after- 
exposure were carried out in a manner analogous to that of 
Embodiment 2 to produce a solder resist pattern. 



[Reference Example 1] 

(resin 4) 70 parts 

trimethylol propane PO modified triacrylate 

(ARONIX M-320 produced by Toagosei Chemical 
Industry Co., Ltd.) 20 parts 

■ • 

2-methyl-l- [4-( methylthio )phehyl] -2- 

. morphono - propane - 1 - on 5 parts 

diethyl thioxanton 1 part 

barium sulfate 15 parts 

silica 8 parts 

aerosyl 2 parts 

* 

phthalocyanine green . - 1 part 

• • * * 

silicon -type defoaming agent 2 parts 

The above formulation \ ingredients were kneaded, 
coated, dried and developed, then post curing and after- 
exposure were carried out in a manner analogous to that of 
Embodiment 2 to produce a solder resist pattern. 



[Reference Example 2] 
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( resin 5 ) 

cresol novolac "type epoxy resin 

(epoxy equivalent: 214) 

dipenta erythritol hexacrylate 

2 -methyl -1- [ 4 - ( me thy 1 thio ) phenyl] -2 
morphono- propane- 1 - on 
diethyl thioxanton 
dicyan diamide 
barium sulfate 



silica 



aerosyl 

■ 

phthalocyanine green 
silicon type defoaming agent 



60 parts 



30 parts 
5 parts 



5 parts 

1 part 

2 parts 
15 parts 

8 parts 
2 parts 

1 part 

2 parts 



The above .formulation ingredients were kneaded, 
coated, dried .and developed, then post curing and after- 
exposure were carried, out in a manner analogous to that of 
Embodiment 2 to produce a solder resist pattern. Provided 
that 1 % sodium carbonate aqueous solution was used as a 
developer for this blend* 



The properties of the resin compositions for a solder 
resist and the solder resist patterns obtained in 
Embodiments 1-4 and Reference Examples of 1 - 2 were 
tested and the results are shown in Table 1 . The testing 
process and the evaluation/ judgment of each property of 

* 

Table 1 are described in -the following. 
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[Table 1] 



* 


Embodiments . 


Reference Examoles 


1 


2 


3 


4 


1 


2 


Finger Touch Drying 
Propertv 




A 


A 


A 


B 


A 


Developing Property 




7V 


TV 
A 


7V 
A 


A 


TV 
A 


Adhesive Property 


A 


A 


A 


A 


A 


A 


Pencil Hardness 


4H 


4H 


4H 


4H 


4H 


4H 


Solder Resistance 


A 


A 


A 


A 


C 


A' 


Nickel Plating Resistance 


A 


A 


• A 


A 


B 


A* 


Thin Copper Plating 
Resistance 


A 


A 


A 


A 


C 


/~» 

• 


Thick Copper Plating 
Resistance 


A 


A 


A 


A ' 


C 


• 

C 


Thick Gold Plating 
Resistance ! 


A 

- 


A 


A 


A * 


C 


C 
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1) Finger -touch, drying property test: 

After "the photo solder resist: composition was printed 

- * 

- on a printed wiring board and dried, a finger is pressed on 
the coat surface tro evaluate the surface condition. 
A: The surface was not sticky at all 

B: The fingerprints remained slightly on the surface. 
C: The fingerprints remained markedly on the surface. 

2) Developing property test 

A test piece was produced from each photo solder 
resist composition fay irradiating it with ultraviolet rays 
at 1000 mJ/cm 2 through a photo mask, and the produced test 
piece was immersed in a developer while stirring it. Then 
the condition' of the removal of the nonexposed part was 
visually inspected. - 

A: The test piece was perfectly developed- 

- 

B: The test piece had an undeveloped remaining. 
C: The test piece was hardly developed. 

3 ) Adhesive property test 

As for the resin composition of 
Embodiment 1, a test piece was produced by carrying out 
post curing of the composition at 150 °C for 30 minutes, 

* 
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and . as for the other photo solder resist compositions, test 
pieces were produced by irradiating them with ultraviolet 
rays at 1000 mJ/cm 2 using an integrating actinometer 

■ » 

produced by ORC & Co., Ltd. through a photo mask 
respectively, immersing them in a developer for 1 minute 
while stirring it, to develop the compositions, carrying 
out the post curing of the developed compositions at 150 °C 
for 30 minutes, and exposing them to the light at 1000 
mJ/cm 2 . Those test pieces were cross-cut in a grid pattern, 
according to the test process of J1S D 0202, then the 
removal condition was visually observed * after carrying out 

» 

peeling test with cellophane tape. 
A: 100/100 

B: 50/1O0' - 99/100 * ' 
C: 0/100 49/100 _ 

» - 

* : - - 

4) Pencil hardness test 

The hardness was measured on the same test pieces used 
for the adhesive property test, according to a testing 
method of JXS K 5400. 

5) Solder resistance test 

The same' test pieces used for the adhesive property 

test were immersed in a soldering bath at 260 °C for 15 

» 

seconds three times, according to the test process of JIS C 
6481, and both the coating condition and . the adhesive 
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property were judged and evaluated comprehensively. 
A: Absolutely no change was recognized- 
A 1 : A very little change was recognized. 
B: A remarkable change was recognized. - 

C: Blistering , or peeling off by swelling was seen in the 
• coat. 

6 ) Nickel plating resistance 
The same test pieces used for the adhesive property 

test, were subjected- to plating at 85 °C (liquid 
temperature) for 30 minutes utilizing an electroless nickel 

plating liquid ( ICP NICOLON produced by Okuno Chemical 
Industries ) and the resulting coating 

conditions were evaluated in the same manner as that of the 
solder resistance test. 

7 ) Thin copper plating resistance 
The same test pieces, used for the adhesive property 

* * 

-test were subjected to plating at 60 °C (liquid 
temperature) for 30 minutes utilizing an electroless copper 
plating liquid (CUST-2000 produced by Hitachi Chemical 
Co. , Ltd., pH 12.4 - 12.6), and the resulting coating 
conditions were evaluated in the same manner as that of the 
solder resistance test. 

8 ) Thick copper plating resistance 
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The same test pieces used for the adhesive property 
. • -test were subjected to plating at 72 *C (liquid 

temperature) for 8 hours utilizing a- high-speed electroless 
thick copper plating liquid (KC-500 produced by JAPAN 
ENERGY Co., pH 12.3 - 12.7), and the resulting 

* 

coating conditions were evaluated in the same manner as 

■ 

that of the solder resistance test* 
[0047] 

9 ) Thick gold plating resistance 

The same test pieces used for adhesive property test 
were subjected to plating at 85 °C (liquid temperature) for 
15 minutes utilizing an electroless nickel plating liquid 

( ICP NIC0L0N produced * by ~6kuno Chemical Industries Co., 
Ltd.), then subjected to plating at 90°C (liquid 
temperature) for 20 minutes using electroless thin gold 
plating liquid (OPC MUD EN GOLD AD ( pH 5.8) produced by the 
same company), and further subjected to plating at 73 °C 
(liquid temperature) for 30 minutes using an electroless 
thick gold plating liquid (OPC MUDENGOLD AD ( pH 13.5) 
produced by the same company), and the resulting coating 
conditions were evaluated in the same manner as that of 
the solder resistance test. 

As it is clear from the results in Table 1, the photo 
solder resist compositions obtained in Embodiments 2-4 
show high finger touch drying properties and developing 

4 

— ■ 
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properties, and "the solder • resist pattern obtained in each 
Embodiment: shows good characteristics, including adhesive 
property, hardness, solder heat resistance, nickel plating 
resistance, thin copper plating resistance, thick copper 
plating resistance and thick gold plating resistance. The 
photosensitive resin composition disclosed in Japanese 
Patent Laid-open Sho 63-269147, which does not contain a 
thermosetting component, just like the Reference Example 1, 

to 

does not have sufficient properties from the view point of 
the solder heat resistance and the plating resistance. The 
photo solder resist composition of dil alkali solution 

» * 

developing type, disclosed in Japanese Patent Publication 
Number Hei 1—54390, also shown as the Reference Example 2, 
comprising a reaction product of a novolac type epoxy 
resin, an unsaturated monobasic acid and a polybasic acid 
anhydride, a poly functional epoxy resin, a diluent and a 
photopolymerization initiator, had no. resistance' at all to 
plating under alkaline condition since it was even 
dissolved in such a condition. 
[0049] " ' 

•[Advantages] " . 

As described above the resin of the 
present invention allows formation of such a solder resist 

pattern that has good developing property, adhesive 

property,- solder heat resistance, nickel plating resistance 

as well as sufficient resistance -to plating under alkaline 
condition/ such as copper plating and thick gold plating. 
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CLAIMS 

1. A resin composition comprising components (A) and 
(B) as essential components, whereof component (A) is an 
alkali soluble resin which is obtained by reacting: 

(1) an alkali soluble polymer having a phenolic 
hydroxyl group (molecular weight range of 300 - 30000); and 

(2) at least one compound having a) one or more 
polymerisable double bonds and b) an isocyanate group or an 
epoxy group in its molecule, at a ratio of isocyanate and/or 
epoxy equivalent of compound(s) (2) to hydroxyl equivalent 
of compound (1) in a range of 0.1 - 0.8; and component (B) 
is a compound having one or more functional groups which can 

* 

react with the phenolic hydroxyl group on application of 
heat. 

2. A photocurable resin composition comprising 
components (A), (B) and (C) as essential components, whereof 
component (A) is an alkali soluble resin which is obtained 
by reacting: 

( 1 ) an alkali soluble polymer having a phenolic 
hydroxyl group (molecular weight range of 300 - 30000); and 
(2) at least one compound having a) one or more 
polymerisable double bonds and b) an isocyanate group or an 
epoxy group in its molecule, at a ratio of isocyanate and/or 
epoxy equivalent of compound(s) (2) to hydroxyl equivalent 
of compound (1) in a range of 0.1 - 0.8.; component (B) is 
a compound having one or more functional groups which can 
react with the phenolic hydroxyl group on application of 
heat; and component (C) is a photopolymerization initiator. 
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3. A resin composition according "to claim 1 or claim 
2 wherein the functional group in component (B), which can 
react with the phenolic hydroxyl group is an epoxy group. 

4. A resin composition according to any preceding 
claim which is a solder resist composition. 

5. A photocurable resin composition according to 
claim 2, or claim 3 as appendant on claim 2, which is a 
photo solder resist composition. 

6. A resin composition according to any preceding 
claim wherein compound (2) has two or more polymerisable 
double bonds . 

7. An alkali soluble resin which is usable as 
component (A) of the composition of claim 6 and which is 
obtained by reacting : 

(1) an alkali soluble polymer having a phenolic 
hydroxyl group (molecular weight range of 300 - 30000); and 
( 2 ) at least one compound having a ) two or more 
polymerisable double bonds and b) an isocyanate group or an 
epoxy group in its molecule, at a ratio of isocyanate and/or 
epoxy equivalent of compound(s) (2) to hydroxyl equivalent 
of compound (1) in a range of 0.1 - 0.8. 

8. A resin or resin composition according to any 
preceding claim wherein the alkali soluble polymer having 
the phenolic hydroxyl group is a polyvinyl phenol. 

9. A resin or resin composition according to any of 
claims 1-7 wherein the alkali soluble polymer having the 
phenolic hydroxyl group is a phenol novolac resin. 

10. A resin or resin composition wherein the 
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polymerizable double bond in the compound (2) is an acrylic 
group. 

11. A method of producing a printed wiring board 
comprising the steps of: coating the photo solder resist 
according to claim 5, or any of claims 6 or 8-10 as 
appendant thereon directly or indirectly, on a copper plated 
laminated board on which a circuit is formed; drying it; 
exposing it to light; developing it with an alkaline aqueous 
solution; heating and curing it; and if necessary, carrying 
out after-exposure . 

12. An alkali-soluble resin which is obtained by 
reacting : 

( 1 ) an alkali soluble polymer having a phenolic 
hydroxyl group (molecular weight range of 30O - 30000); and 
(2) a compound having a) two or more polymerisable 
double bonds and b) an isocyanate group and/or an epoxy 
group in its molecule, at a ratio of isocyanate and/or epoxy 
equivalent of compound (2) to hydroxyl equivalent of 
compound ( 1 ) in a range of 0.1 - 0.8. 

13. A resin or resin composition substantially as any 
described and exemplified herein. 

14. A method of producing a printed wiring board 
substantially as any described and exemplified herein. 

15- A printing wiring board producible by the method 
of claim 11 or claim 13. 
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